When cells are subjected to various stress factors, they increase the production of a group of proteins called heat shock proteins (hsp). Heat shock proteins are highly conserved proteins present in organisms ranging from bacteria to man. Heat shock proteins enable cells to survive adverse environmental conditions by preventing protein denaturation. Thus the physiological and pathological potential of hsps is enormous and has been studied widely over the past two decades. The presence or absence of hsps influences almost every aspect of reproduction. They are among the first proteins produced during mammalian embryo development. In this report, the production of hsps in gametogenesis and early embryo development is described. It has been suggested that prolonged and asymptomatic infections trigger immunity to microbial hsp epitopes that are also expressed in man. This may be relevant for human reproduction, since many couples with fertility problems have had a previous genital tract infection. Antibodies to bacterial and human hsps are present at high titers in sera of many patients undergoing in vitro fertilization. In a mouse embryo culture model, these antibodies impaired the mouse embryo development at unique developmental stages. The gross morphology of these embryos resembled cells undergoing apoptosis. The TUNEL (terminal deoxynucleotidyl transferase-mediated X-dUTP nick end labeling) staining pattern, which is a common marker of apoptosis, revealed that embryos cultured in the presence of hsp antibodies stained TUNEL-positive more often than unexposed embryos. These data extend preexisting findings showing the detrimental effect of immune sensitization to hsps on embryo development. Infect. Dis. Obstet. Gynecol. 7:10-16, 1999. (C) 1999 Wiley-Liss, Inc.
tion defined, and their mode of interaction with nuclear heat shock transcription factors characterized. 3 Studies involving the role of hsp in basic and applied clinical medicine are numerous and involve almost every medical field, including oncology, immunology, and infectious diseases. Drugs modulating the total hsp expression (thus protecting integrity and homeostasis of cells and tissues) are currently in clinical trials. 4 Several previous studies provided evidence that immune sensitization to hsp is associated with unsuccessful embryo development and implantation failure in IVF patients. 6'37 Women undergoing IVF treatment with preexisting local cervical immunity to the hsp60 of Chlarnydia trachomatis (the most common pathogen responsible for tubal oc-clusion in these patients) had an increased prevalence of unsuccessful pregnancy outcome. 36 In addition, it could be demonstrated that systemic immunity to human hsp60 was associated with firsttrimester spontaneous abortion. 37 In many IVF culture systems, the in vitro fertilized embryos are cultured in medium containing maternal serum. Preexisting hsp antibodies in these sera at high titers could thus compromise the growth potential of developing embryos. In a recent study, antibodies to the most common mammalian hsps exerted a detrimental effect on mouse embryos at unique developmental stages. 8 In the presence of hsp antibodies, embryos became growth arrested and degenerated. Gross morphology of these embryos revealed irregular-sized blastomeres and multiple fragments.
Evaluation of human embryos based on morphological criteria is a common procedure in clinical embryology. The quality of human embryos produced by IVF is variable. Half of the embryos cleave regularly and give equal-sized blastomeres without fragmentation. The remaining embryos often contain variable-sized blastomeres with multiple cellular fragments enclosed within the zonae pellucidae. The degree of fragmentation varies from 5-10% to 100%, and the fragments may be either localized or scattered. Subsequent in vitro development of these fragmented embryos is impaired, often leading to cleavage arrest and embryo degeneration. Upon transfer, these embryos have limited developmental potential and rarely result in pregnancy. 9 Alikani and Cohen 4 looked at the pattern of cell fragmentation in the human embryo as a means of determining the relationship between cell fragmentation and implantation potential. The lowest implantation rate was observed in embryos with large fragments. Viewed through the scanning electron microscope, the surface of these fragments was made up of irregular blebs and protrusions.
Interestingly, programmed cell death (apoptosis) in somatic cells also is first identified as surface blebbing. Blastomeres of fragmented human embryos thus resemble apoptotic cells. Apoptosis is detrimental to blastocyst formation and leads to preimplantation embryo death. 41 Morphologically, apoptosis is characterized by cell shrinkage, chromatin condensation and membrane blebbing. In the final stages, the apoptotic cell becomes fragmented into apoptotic bodies, which are rapidly eliminated by phagocytes. In the early stages of apoptosis, extensive DNA degradation occurs. Cleavage of the DNA may yield double-stranded, low-molecular-weight fragments (mono-and oligonucleosomes), as well as single-strand breaks ("nicks") in the high-molecular-weight DNA. Those 
